
ON CERTAIN METHODOLOGICAL ASPECTS OF THE THEORY
OP RELATIVITY.

THBBB are many aspects of the Theory of Relativity which involve
problems until lately the -exclusive property of Philosophy. Chief
arrong these is the problem of Space and Time. In the theory these
conceptions are given a definite status. There are now various
different views of the characteristics of Space* held by different
writers on Relativity; and it is a very satisfactory sign of the vigour
of modern physios that such different systems as those of Einstein,
Weyl, and Eddington should be elaborated. The only way of de-
ciding between them will be by means of experimental tests; but
at present no experimental test appears to be available to test the
theory of Weyl though it is not impossible that some deduction
might be made as to the shift of the lines in the spectrum of the
sun or perhaps as to the size of the universe. But in spite of the
fact that the views of these writers differ and there seems to be no
way of deciding between them at present, if we eliminate all the
parts of the theory about which there is not agreement, there is
still something of fundamental importance in their treatment of the
notion of Space. In the language of modern logio, they all alike
use " Space " as a description.1 Space in the theory of Relativity
is a constructed entity.

To say that space is a description involves many consequences.
No description can ever be used as a Pepper name. We see two
particular spots of colour and we say "This is darker than that".
There is in some sense, a direct relation between the symbol " This "
and one of the spots of colour. Whatever this characteristic may
be in virtue of which "This" is in direct relation to the thing in
the External World to which it refers, it is absent in the case of
the symbol for space. There is nothing in the External World to
which we can point as being represented by the symbol. And this
property of the concept which makes it a description involves a
further consequence. Any proposition in which the term occurs is
not in its logically simplest terms. It can be analysed further.
And we may easily see that the analysis of such a proposition will
disclose some propositional function.

We may take a simple example to make our meaning plain.
Suppose we are contrasting the heights of two buildings. If instead
of saying with a wave of the hands " This is loftier than that" we
say " The building on my right is loftier than that," we are using a
description. For there is no direct relation between the symbol

1 Tha term " Description " U used in the sense explained by Whitehead
and Russell in Prineipia Matiumatica, voL i.
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"The building on my right" and anything in the outside world.
The proposition can evidently be further analysed. We shall find
it necessary to make use of the prepositional function which may
be written indifferently/(zy) or iBy.

/(xy) - x is to the right of y - «By.
And the form of the proposition when it is further analysed is
perhaps; " There is something which is to the right of myself and
it is taller than that" ; or if we write it in the symbolism of modern
logic

<QX . x&a. x is loftier than b
g_x .f(x, a). x is loftier than b.

Or take the case of the proposition "Equiangular triangles are
equilateral," the proposition asserts that the two properties of hav-
ing equal sides and of having equal angles always occur together so
that neither triangles with equal sides and unequal angles nor
triangles with equal angles and unequal sides can exist. And we
may write this proposition

{x).f(x).O.g(x)
(in whioh/(x) means "thetriangle zhas equal angles" andgjx) means
" the triangle x has equal sides "), which may be read, " Whatever
triangle x may be, if it has equal angles it has equal sid.eB ". Now
the characteristics of the symbol " The building on my right,"
which result from the descriptive nature of the oonoept are exactly
those involved in the treatment of space by the relativity writers.
A prepositional function is involved in the analysis of any proposi-
tion in which the term "space" occurs. And there is nothing
whatever in the real world which we are directly representing in
using the term. All propositions such as " Spice is four-dimen-
sional " or " Space is curved " when analysed disclose prepositional
functions, and will always be of the form, " Whatever x1, xt, xt,
. . . may be iif(xix1xt . . .) then g(x1x^et . . .)". Now scientific
developments fall into two classes. There is first the collecting
of simple facts which attribute a certain character or combination
of characters to individuals. These collections of' facts together
with the apparatus of probability reasoning allow inductions and
generalisations to universal propositions which make assertions as
to the co-existence of characters. The problems for logic in this
domain are by no means easy, involving difficult questions of the
validity of probability inference and the study of the notion of
probability itself. But beyond the setting out of postulates obeyed
by the relation between the propositions p and q in the assertion,

"p, given data h, is more probable than the proposition q given
data k,
the difficulties are for the most part in deciding what propositions
about the real world- .shall be adopted, and not in the working
out of the implications of specific propositions.

When we arrive at the second stage in scientific development,
the position is entirely different and the difficulty involved in dis-
covering implications of various propositions is often of a high
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order. The*problem here is indeed to discover the relations be-
tween the variocfl concepts defined by propositional functions. And
it is in this domain that the wonderful mathematical technique of
the relativity writers has had such important results. The theory
involved in Belativity is the relating of various hypotheses to one
another. The achievement consists in establishing relations be-
tween various properties which enable us to see that certain hypo-
theses about space entail certain facts in the external world.

But the older view of space which is directly contradicted by the
theory of relativity, appears plausible in one respect. It might
perhaps be argued that we have direct perception of space, that we
see at once that certain propositions are true, and that we in fact
use diagrams with success in very many subjects, including, for
example, biology, chemistry and physics. Now the significance of
geometrical representation as it is made use of in non-mathematical
problems has seldom been discusasd and the faot that diagrams are
in use in almost all the sciences as well as in mathematics appears,
prima facie, to be related to the view that space is an entity which
we can directly perceive. But I think that it is possible to deny
this view of space and yet give a satisfactory explanation of the
facts of geometrical and diagrammatical representation of the ideas
of the various sciences.

During the last few decades there has been a complete revolution
of geometrical ideas. Without this revolution, there could never
have been a theory of relativity such as we have to-day. From being
a collection of propositions about a few particular properties,
Geometry has now developed into the science of Classification. As
Whitehead has pointed out in his valuable tracts on Geometries,1

the classification, by means of species and genera, of biological
entities into mutually exclusive and exhaustive classes is a geometry
equally with the classification of a finite number of balls into classes
in various ways or the familiar Euclidean geometry of our youth.

If we adopt the modern view of geometry as the science of classi-
fication, we can yet allow that diagrams are of use in science with-
out being involved in any contradiction. We may take a simple
example to make the matter clear. If we take any geometry, there
are in general a number of propositions which give the relation be-
tween properties which can easily be represented, as for example in
the proposition, " Whatever a, 3̂, y may be if a is included in /?
and p is included in y then a is included in y ". We can represent
this by drawing a circle a inside anothei circle b, which is itself in-
side a third circle c. The relation of. a, b and c on the paper gives
a representation of the relation between any particular a, /? and y.
But the proposition about any a, fi, y is not as it stands a geometrical
proposition. The complete statement of the proposition would
contain the postulates which determine the " behaviour " of the re-
lation of inclusion. Different systems might very well have different

1 Cambridge Tracts in Mathematics, Cambridge University Prow.
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postulates; but the effective results woild uniformly be, " The
properties <£j <£,<£, . . . carry with them the property i^". In our
telescoped proposition above, " If a is included in /? and /} in y then
a is included in y whatever o, /9, y may be," we have a proposition
to the effect that the properties—say < £ , # , . . . (by- means of
wbioh the relation of inclusion is defined) carry with them the
further property ifr of being transitive.1 Now a different geometry
of inclusion might have defined the notion by means of a set of
properties <^ tfr . . . and then one proposition of the system would
nave been to the effect that the properties <f>,\fr... carry with
them the farther property 4>r Geometry, indeed, consists in the
relating of properties inter se and is far removed from the fact that
a circle a which is inoluded in another oirole b is also included in
the circle c in whioh b lies. It is indeed as far removed from this
fact as a biological fact that a certain mammal is a vertebrate is
from the facts—whatever they may be—of the complete evolutionary
theory of the co-existence of characters.

Now in propositions about space we are talking about sets of
properties. By the name " mammal" we mean one set of pro-
perties, by the name " space " we mean a certain other specific set.
And we may find it convenient to talk about the " space properties "
of entities. The final scientific account of space will give proposi-
tions to the effect that some properties by means of which we de-
fine certain relations, necessarily entail certain other properties.
When propositions of this form are established, it is generally con-
venient to manufacture a name for the properties in question so
that propositions of this form would perhaps read, " space is curved "
or "isosceles triangles.have two equal angles" or " mammals are
vertebrates". The technical development of propositions of this
form has been dealt with by Bussell and Whitehead in their
Principia Mathematica. Now in considering the theory of Relativity
I am concerned only with special sets of properties and the names
for them. But the way in whioh " space' is used merely as a
name for a bundle of properties is entirely parallel to the way in
which, for example, "atoms" is merely a name for a bundle of
properties. The logical status of these names is the same in all
domains of scientific thought. The elementary stage in science
comprising the collection of particular facts is a necessary pre-
lude, but only a prelude to the more serious task of discovering
various properties and grouping together sets of them under
various names. Only in this stage are we concerned with space
and the inter-relations of the various properties which are involved.
It is, of course, of great importance that as many different forms of
the hypotheses used as possible should be set out (and such pro-
positions are, of course, again of the same form, and assert relations
between properties) for the greater the number of these forms the

1A relation B is transitive when, if z has the relation R to y and y has
the relation R to r, it follows that z has the relation R bo i. Familiar
examples are such relations as " is greater than," " is a descendant of ".
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greater the probability that suitable results will issue which can be
tested by a direct appeal to applied science.

On this view it is evident that to ask, " What is Space " is not
significant. We want to investigate what consequences can be de-
duced from the " space properties " of terms; we want to establish
as many propositions as possible about the further properties which
necessarily belong to any term possessing this set of properties.
We want to trace the various alternative sets of space properties
which are logically possible and to see how far results which are
verifiable can be obtained. It will be very advantageous if pro-
positions are discovered which make it possible to apply tests to
decide between alternative theories. It will be of great importance,
for example, if the further development of Weyl's theory yields
some deduction as to the shift of the lines in the spectrum of the
sun which would enable us to make a decision between it and other
theories which yield other results as to the shift of the lines. But
whichever part of the genetal investigation is being undertaken,
not in the case of any one of them is it significant to ask, " What is
Space ". It is the properties and not the intrinsic nature of space
which is the subject of investigation.

.DOBOTHT WaiNCH.
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